Approximately half of the world's population is at risk of malaria, and about 250 million deaths are reported annually. There are two strategic approaches to malaria management: prevention (vector control, drug prophylaxis and potential use of vaccines) and treatment (drugs, blood transfusion, etc). The use of botanicals, specifically essential oils is an alternative to the current use of synthetics and pyrethroids. Essential oils can be used as larvicides and repellents. The major constituents of those that have been used in mosquitoes are mainly terpenoids (Acyclic Monoterpenoids, Monocyclic Monoterpenoids, Sesquiterpenoids, Bicyclic Monoterpenoids, Diterpenoid). Earlier, in vitro physicochemical assays characterized most of them as antioxidants. However, recent studies suggest that at least in part, the encountered beneficial effects of essential oils are due to pro-oxidant effects at the cellular level. Approximately 40 plant species in about 10 Review Article Noutcha et al.; ARRB, 10(6): 1-9, 2016; Article no.ARRB.28432 2 families dominated by Labiateae (Lamiaceae) and Asteraceae, have provided essential oils for experimental studies as larvicides and repellents to mosquitoes. Results from both studies have been very promising. LC 50 s varied across plant and mosquito species and across geographical locations within plant species. In repellency tests, RD 50 also varied across plant and mosquito species. Some of these essential oils are promising candidates as larvicides in Integrated Vector Management (IVM) in Malaria Management that combines: Indoor Residual Spraying (IRS), use of Insecticide-Treated Net (ITN) and larviciding. As repellents, they will contribute to the reduction in human-mosquito contact, an important component of protection, a strategic approach to malaria management.
INTRODUCTION
Currently, the risk of contracting arthropod-borne diseases has increased due to climate change and globalization [1] . Malaria, a life-threatening disease transmitted by mosquitoes is still a major health problem, affecting children and adults around the world, especially in tropical countries. About 3.3 billion people, half of the world's population is at risk of the disease. Annually, 250 million cases and nearly one million deaths are reported [2] . Four subgenera of Anopheles are involved in the transmission of human malaria parasites across 12 Epidemiologic zones globally [2] .
There are two main strategic approaches for malaria management:
(a) Malaria prevention (Vector Control, Drug prophylaxis and potential use of vaccine) and (b) treatment (drugs, blood transfusion, among others) [3] . Due to the absence of an operational vaccine, parasite resistance to anti-malarial drugs, and resistance of malaria transmitting mosquitoes to insecticides, alternative methods for disease control are vital [4] . Two forms of vector control, IRS (Indoor Residual Spraying) and ITN (Insecticide-Treated Net) are generally applicable for reducing disease transmission [3] . The use of insecticide-treated nets (ITNs), especially pyrethroid-based has been widely promoted, not because they are more powerful but because they are simpler and potentially less demanding than IRS [5] . However, they are potentially more vulnerable to insecticide resistance as only pyrethroid insecticides are recommended for use on ITNs, owing to toxicity and efficacy concerns [6] . IRS is the application of stable formulations of insecticides to the inside of houses to kill resting adult female mosquitoes. The primary contribution of IRS in reducing malaria transmission is: reducing the life span of female mosquitoes so that they can no longer transmit malaria parasites, and reducing the density of vectors [7] . Although formulations have improved, most IRS formulations last less than 4 months [3]. Currently, the main classes of insecticides used for vector control are organophosphates, carbamates, organochlorines and pyrethroids.
Efforts are being made to expand the number of classes. An initiative, the Innovative Vector Control Consortium (IVCC), a Product Development Partnership, aims to reduce peridomestic pathogens through improved vector control with innovative products. Several studies have identified the range and function of olfactory receptors in the mosquito, with the long-term aiming to develop new attractants and repellents that could play an operational role in vector control [8] [9] . An Integrated approach to Vector Management (IVM), comprising IRS, ITN and larviciding, has been recommended by the World Bank [10] .
PLANT-DERIVED INSECTICIDES (BOTANICALS)
Using plant derivatives or botanical insecticides is one of the alternatives. Their use in agriculture dates back to ancient times. Isman [11] enumerated four major types of botanical products used for insect control (Pyrethrum, Rotenone, Neem, Essential oils), along with three others in limited use (Ryania, Nicotine, Sabadilla). While botanicals are now a small part of the overall pesticide market, due to replacement by synthetics, the new environmental movement has provided a favourable environment for the re-birth of botanical insecticides. Public resistance to adoption of Genetically Modified Organisms (GMOs) is another factor favouring alternative control measures such as the use of biopesticides [11] . Botanicals have certain advantages and probably an equal number of disadvantages. The advantages of botanical insecticides lie in their rapid degradation and lack of persistence and bioaccumulation in the environment, which have been the major problems in synthetics. The diversity of phytochemicals in botanical extracts is also useful. Redundancy is the presence of numerous analogues of one compound and is known to increase efficacy of extractives in metabolism of compounds and prevent the evolution of insecticide resistance when selection occurs over several generations [12] . Despite these advantages, there are major challenges: economical supply of plants products, quality control, lack of stability and costly toxicology testing for new products which may have limited Intellectual Property (IP) Protection and a relatively small market [12] .
PLANT ESSENTIAL OILS
Plant essential oils are produced commercially from several botanical sources, many of which are of the mint family, Labiateae (Lamniaceae) [11] . The oils are generally composed of complex mixtures of monoterpenes biogenetically related phenols and sesquiterpenes [11] . A number of the sources from plants have been traditionally used for protection of stored commodities, especially in the Mediterranean region and in Southern Asia, but interest in the oils was renewed with emerging demonstration of their fumigant and insecticidal activities to a wide range of pests in the 1990s [13] . Certain plant oils, widely used as fragrances and flavours in the perfume and food industries, have long been reputed to repel insects. Investigations in the past 3-4 decades in several countries confirm that some plant oils not only repel insects but have contact and fumigant insecticidal actions against specific pests, and fungicide actions against important plant pathogens [13] . Essential oils possess a wide spectrum of biological activities including anti-microbial, fungicidal, insecticidal, insect repellant, herbicidal, acaricidal, and nematicidal. Since the middle ages, essential oils have been widely used for bactericidal, insecticidal, fungicidal, antiparasiticidal, medicinal and cosmetic applications especially in pharmaceutical, sanitary, cosmetic, agricultural and food industries. Since the mode of extraction is mostly by distillation from aromatic plants, they contain a variety of volatile molecules such as terpenes and terpenoids, phenol-derived aromatic compounds. The rapid action against some pests is indicative of a neurotoxic mode of action, and there is evidence for interference with the neuromodulator octopanine [14] [15] by some oils and with GABAgated chloride channels by others [16] . In vitro physicochemical assays characterize most of them as antioxidants [17] . However, recent studies show that in eukaryotic cells, essential oils can act as pro-oxidants affecting inner cell membranes and organelles such as mitochondria [17] . Depending on the type and concentration, they exhibit cytotoxic effects on living cells but are usually non-genotoxic. In some cases, changes in intracellular redox potential and mitochondrial dysfunction induced by essential oils can be associated with their capacity to exert anti-genotoxic effects. These findings suggest that at least in part, the encountered beneficial effects of essential oils are due to pro-oxidant effects at the cellular level [17] .
SOURCES AND CONSTITUTENTS OF ESSENTIAL OILS IN MOSQUITOES
The major constituents of essential oils used in mosquito control, either as larvicides or repellents were: linalool, Geranial, β-Citronella, Eucalyptol, Perilladehyde, Grandisol, Cuminaldehyde, Limonene, Carvone, Piperifenone oxide, Carvacrol, Thymol, Terpinen-4-ol, P-Cymene, α-Pinene, Camphene, α-Thujone, Camphor, Fenchone, α-Clemene, α-Gurjunene, Patchoulol, Allylbenzenes (Phenylpropenes), Eugenol, Methyl eugenol, Methyl Chavicol (Estragiol), trans-Anethol, Asaricin and 16-Kaurene [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . These compounds can be classified as either terpenes or generally terpenoids (which include hydrocarbons and other derivatives). Classification of terpenoids is based on the number of isoprene units (C 5 H 8 ) (Table 1 ) [35] . These essential oils occur in about 10 families, dominated by Labiateae (Lamiaceae) and Asteraceae [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] (Table 2) . [20] . In repellency tests with three major mosquito vectors, Anopheles stephensi (Liston), Aedes aegypti (Linnaeus) and Culex quinquefasciatus (Say), the five most effective oils were Litsea (Litsea cubeba), Cajeput (Malaleuca quinquenervia), Violet (Viola odorata) and Catnip (Nepeta cataria), which induced a protection time of 8h at the maximum and 100% repellency against these vectors [60] . The 1%v/v solution and 15%v/w cream and ointment of lemongrass, Cybopogon oil, exhibited ≥50% repellency, lasting 2-3 h against Aedes aegypti, which may be attributed to citral, a major constituent. This activity was comparable to that of a commercial mosquito repellent. Base properties of lemongrass oil formulation influenced their effectiveness [51] . The essential oils of Ipomoea cairica, Momordia charantia and Tridex procumbens exhibited high repellency effect (>300 minutes at 6% concentration) against Anopheles stephensi, followed by Contella asiatica and Psidium guajava, which showed less effect (<150 minutes at 6% concentration). However, the ethanol-applied arm served as control and provided 8.0 minutes repellency [33] . Volatile oils from Croton pseudopulchellus Pax., Mkilua fragrans Verde (Annonaceae) Endostemon tereticaulis (Poir) Ashby, Ocimum forskolei Benth, Ocimum fischeri Guerke and Plectransthus longipes Baker (Labiateae) from the Kenyan coast were evaluated for repellency on forearms of human volunteers against Anopheles gambiae s.s. All oils were found to be more effective RC 50 range-0.67-9.21x10 
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